The built and social environments may contribute to physical activity motivations and behavior. We examined the extent to which the Theory of Planned Behavior (TPB) mediated the association between neighborhood walkability and walking. Methods: Two random cross-sectional samples (n = 4422 adults) completed telephone interviews capturing walking-related TPB variables (perceived behavioral control (PBC), attitudes, subjective norm, intention). Of those, 2006 completed a self-administered questionnaire capturing walkability, social support (friends, family, dog ownership), and neighborhood-based transportation (NTW) and recreational walking (NRW). The likelihood of undertaking 1) any vs. none and 2) sufficient vs. insufficient levels (≥150 vs. <150 minutes/week) of NTW and NWR, in relation to walkability, social support, and TPB was estimated. Results: Any and sufficient NTW were associated with access to services, connectivity, residential density, not owning a dog (any NTW only), and friend and family support. Any and sufficient NRW were associated with neighborhood aesthetics (any NRW only), dog ownership, and friend and family support. PBC partially mediated the association between access to services and NTW (any and sufficient), while experiential attitudes partially mediated the association between neighborhood aesthetics and any NRW. Conclusions: Interventions that increase positive perceptions of the built environment may motivate adults to undertake more walking.
between the built and social environments and physical activity. [3] [4] [5] Much of the research to date has focused mainly on what associations exist, rather than examining how and under which circumstances the built and social environments determine physical activity. 4, 6, 7 Kremers et al 4 suggest examining both the mediated (via cognitions) and unmediated influences on physical activity to better understand the circumstances (ie, when, who, and how) under which the environment is an important contributor.
Social Cognitive Theory and the Theory of Planned Behavior (TPB) recognize the role of the perceived built and/or social environments, although they emphasize the importance of cognitions in determining behavior. 8, 9 Cognitions such as self-efficacy, perceived behavioral control, and attitudes are proximal determinants of both intentions to be active and physical activity. 10, 11 These factors have been recognized as potential mediators of the relationship between the environment (ie, physical, sociocultural, economic, political) and physical activity and diet. 4 Physical activity researchers have only begun to investigate the mediating role of motivation-related cognitions in the associations between the built and social environments and physical activity. [12] [13] [14] [15] [16] [17] [18] [19] These studies have found that specific built environmental characteristics, as well as composite measures of walkability, Built and social environments have the potential to support active living. A range of self-reported and objectively assessed neighborhood environmental attributes have been linked with physical activity, particularly walking for transportation, including residential density, the proximity and mix of land uses, safety, street and sidewalk connectivity, and aesthetics. 1 Moreover, indicators of the social environment such as friend and family support are consistently associated with physical activity. 2 However, there is limited understanding of the pathways and underlying mechanisms that explain the associations influences physical activity indirectly, mediated by motivation-related cognitions such as perceived behavioral control, 12, 19 intention, 12 intrinsic motivation, 14 selfefficacy, 14 and attitude. [12] [13] [14] [15] 17, 20 For example, Rhodes et al 17, 20 found that perceived neighborhood aesthetics was related to leisure-time walking via experiential attitudes among adults while De Bruijn et al 12 found a similar association via attitudes between aesthetics and overall levels of physical activity among adolescents. Others have taken slightly different approaches, examining whether associations between cognitions (eg, intentions and ability beliefs) and physical activity attenuate after accounting for neighborhood environmental factors. 21 The research to date suggests that the interrelationship between motivation-related cognitions and the built environment-self-reported or objectively assessed-are important for determining physical activity.
The social environment which is determined by the characteristics of communities, neighborhoods, workplaces, policies, laws, social relationships, and culture defines people's interactions and behaviors. 22 Social support, which is one aspect of the social environment, has been found to increase both intention 23, 24 and perceived behavioral control of exercise, 25 and is posited to influence physical activity via self-efficacy. [26] [27] [28] Trost et al 28 found that the influence of parental support on children's physical activity was partially mediated by self-efficacy. Saunders et al 29 on the other hand, found that intention did not mediate the association between family support and moderate-to-vigorous physical activity among adolescent girls. This finding was in contrast to Rhodes et al 24 who found that intention mediated the association between social support and exercise among adults. Thus evidence to date suggests that some of the built and social environment's influence on physical activity is via cognitions and this influence may vary across the life course. This evidence is limited however, in that context-specific behavioral outcomes are often not used (eg, neighborhood-based walking for different purposes). 30 The TPB, an extension of the Theory of Reasoned Action (TRA) which accounts for incomplete volitional control, posits that attitude, perceived behavioral control, subjective norm, and intention are influenced by perceived external opportunities and barriers that may influence behavior. 9 Attitude reflects a person's evaluation of whether undertaking a specific behavior would be worthwhile. 9 For example, a person with a positive attitude toward walking might consider walking to be highly beneficial, enjoyable, or useful. Perceived behavioral control reflects a person's perceived ability and capacity to undertake the behavior based on their past experiences and actual constraints. 9 Subjective norm reflects a person's perceived social pressure from family, friends, health professionals and important others to undertake a specific behavior. Stronger attitude, perceived behavioral control, and subjective norm leads to stronger intentions which in turn increases the likelihood of a behavior occurring. Nelson et al 31 suggest that the TPB may assist in understanding the link between perceptions of the physical environment and physical activity. Moreover, an extensive body of evidence supports the predictive validity of the TPB in physical activity research. 10 Thus the TPB is a suitable social cognitive model of behavior for the purpose of examining the pathways between the environment, motivation formation, and physical activity, although few studies have examined the extent to which TPB mediates associations between perceptions of the specific neighborhood or social environmental characteristics, and walking for different purposes among adults. 17 Designing neighborhood environments that support physical activity has the potential to motivate and encourage populations to be more active. However, given that individuals exposed to the same neighborhood are not all equally influenced, that is, not everyone who resides in a walkable neighborhood regularly walks, individual-level characteristics such as motivation-related cognitions, may influence the environment-physical activity pathway. To better understand these relationships, studies examining the interrelations between the physical and social environment, motivation-related cognitions (eg, attitude, subjective norm, perceived behavioral control and intentions), and physical activity are needed. This exploratory study had 2 objectives: 1) to examine the associations between indicators of neighborhood walkability and social support and the TPB, and participation in and achievement of sufficient levels of neighborhood-based recreational and transportation walking; and 2) to examine the extent to which the TPB accounts for the covariance (ie, mediates) between indicators of neighborhood walkability and social support and neighborhood-based recreational (NRW) and transportation walking (NTW).
Methods

Sample and Data Collection
The Economic Evaluation of Using Urban Form to Increase Activity (EcoEUFORIA) project is a populationbased project undertaken in Calgary (Canada) to evaluate the cost-effectiveness of using urban form as an intervention to support physical activity and thus improve health. Methods for the telephone survey have been presented elsewhere 58 and they will be briefly described here. Two independent random cross-sectional samples of adults residing within the Calgary metropolitan area were recruited during telephone interviews between July and October 2007 and January and April 2008. Publicallylisted telephone numbers were sampled and the final digit of each number was replaced with a random digit to ensure coverage of unlisted numbers. Telephone interviews were conducted to capture data regarding physical activity, physical activity-related cognitions, and demographics. The response rates (RR = completed/ completed plus refused interviews, excluding ineligibles) for interviews completed during 2007 (n = 2199; RR = 33.6%) and 2008 (n = 2223; RR = 36.7%) were similar. Compared with the Calgary population, our sample of telephone interview respondents had higher levels of education, were younger and more likely to have dependents < 18 years of age, and included a higher proportion of women, Canadian born residents, and home owners. 58 At the conclusion of the telephone interview, respondents were invited to complete a self-administered questionnaire. The self-administered questionnaire consisted of items not included in the telephone survey because of their complexity or to reduce the length of the interview and respondent burden. The self-administered questionnaire captured perceptions of neighborhood walkability, neighborhood-based walking behavior, demographic characteristics, and other data not presented here. Within 1 week of completing the telephone interview, questionnaires were mailed to respondents (n = 3602) who had agreed to participate in follow-up data collection. In total The current study only includes data from participants who completed both the telephone interview and selfadministered questionnaire and who provided complete data (n = 1967). Respondents verbally consented to participate at the beginning of the telephone interview, and provided written consent to participate in the follow-up questionnaire. Test-retest reliability of TPB items was assessed in a random sample of adults (n = 117; 2-5 days between 2 telephone interviews). The reliability testing of the TPB items was undertaken concurrently with the testing of the telephone survey physical activity items (not presented here) 32 and reflected suggestions by Sallis and Saelens 33 to use a test-retest period of less than 1 week for items capturing physical activity undertaken over a week period. Test-retest reliability of self-reported neighborhood walkability and social support items was assessed in a convenience sample of adults (n = 68; 14.1 ± 10.1 days between 2 self-administered questionnaires). The Conjoint Health Research Ethics Board at the University of Calgary granted ethics approval for this study.
Self-Reported Neighborhood Walkability
The abbreviated Neighborhood Walkability Scale (NEWS-A) captures perceptions about environmental attributes inside the neighborhood-defined as a 10-to 15-minute walk from home-that are supportive of walking. These attributes include residential density, access to services, safety, neighborhood aesthetics, and pedestrian infrastructure. 34 Residential density (ie, "How common are detached single-family residences in your neighborhood?") was measured on a 5-point scale (ie, none, a few, some, most and all), while all other NEWS-A items were scored on a 4-point scale (ie, strongly disagree = 1 to strongly agree = 4). NEWS-A items have demonstrated acceptable test-retest reliability among Australian adults. 34 Our own pilot data (n = 68) showed moderate test-retest reliability for most NEWS-A items among Canadian adults (Table 1) . Items identified as belonging to the same construct based on principal component analysis (ie, varimax rotated factor loadings > .40 and loading on a single factor) were summed, averaged and dichotomized at the middle score (ie, low: < 2.5 vs. high: ≥ 2.5). Seven walkability factors were identified: safety from crime, neighborhood aesthetics, access to services, street connectivity, pedestrian infrastructure, motor vehicle traffic, and barriers (Table 1) . A single-item measuring perceived residential density was dichotomized into high density (ie, none to some detached single-family homes) or low density (ie, most to all detached single-family homes).
Theory of Planned Behavior
Perceived behavioral control, attitude, subjective norm, and intention were captured during the telephone interviews with items using 5-point scales (ie, strongly disagree = 1 to strongly agree = 5). Constructs measured using multiple items, were summed and averaged and dichotomized at the middle score (ie, low: < 3 vs high: ≥ 3). Perceived behavioral control for transportation and recreational walking were each measured using 2 items: ie, "If I wanted to I could easily participate in transportation-related [or recreational] walking in or around my neighborhood in the near future" and "How much transportation-related [or recreational] walking I do in or around my neighborhood in the near future is completely up to me." The perceived behavioral control scales for both NTW and NRW had moderate internal consistency (NTW: α = 0.62 and NRW: α = 0.71). The perceived behavioral control items for NTW and NRW also had acceptable test-retest reliability (NTW: Spearman rank correlation (ρ) = 0.50-0.52 and NRW: ρ = 0.48-0.55). Intention to do more transportation (or recreational) walking was captured using a single item: "In the near future I intend to participate in more transportation (or recreational) walking, in or around my neighborhood" (test-retest reliability: intention of NTW: ρ = 0.69 and intention of NRW: ρ = 0.66).
Six items captured instrumental (ie, foolish, beneficial, and useful) and experiential attitude (ie, enjoyable, relaxing, and interesting) toward walking. Instrumental attitude relates to the consequences, while experiential attitude reflects emotion-laden judgments or gratification, resulting from participating in a specific behavior. Test-retest reliability (all attitude items ρ = 0.53-0.74) and internal consistency for instrumental (α = 0.73) and experiential attitudes (α = 0.81) were acceptable. Two items captured subjective norm in relation to walking (ie, "Most people in my social network want me to regularly walk in the near future" and "Most people in my social network would approve if I regularly walked in the near future"; α = 0.65). Test-retest reliability of the subjective norm items were acceptable (ρ = 0.51-0.67; Table 1 ).
Social Support for Walking
In the self-administered questionnaire, respondents reported the number of times a family member or friend walked with them during a usual week (test-retest reliability: ρ = 0.69 and 0.62, respectively). Item responses were dichotomized into none versus some support. The number of dogs owned was also collected (test-retest reliability: ρ = 0.66) with respondents coded as either dog-owners or not owning a dog.
Demographic Characteristics and Self-Reported Health
During telephone interviews respondents reported home ownership status (ie, owning or buying or not owning), gender, age (ie, 18-39, 40-59, or ≥ 60 years), education a Reliability sample recruited using snowball sampling (n = 68; 65% women; average age = 41.8 ± 14.5 years; 66% residing in detached housing) self-completed the NEWS-A items on 2 occasions (mean days = 14.1 ± 10.1 between occasions).
* Item reverse coded.
Note. Residential density, not shown above, measured using a single-item (test-retest reliability ρ = 0.62). Kaiser-Meyer-Olkin Measure of Sampling Adequacy = 0.79 for the principal component analysis.
level (ie, high school or less, college/technical college, or university), and number of dependents < 18 years of age at home (ie, no child or at least 1 child). Self-rated health (ie, poor to good or very good to excellent) was collected during the self-administered questionnaire.
Neighborhood-Based Walking
Modified walking items from the International Physical Activity Questionnaire 35 were included in the self-administered (postal) questionnaire. Frequency and duration of all recreational (ie, for recreation, health, exercise or leisure including dog walking) and transportation walking inside the neighborhood during the last 7 days was captured. 
Data Analysis
Demographic profiles of respondents completing telephone interviews and self-administered questionnaires were compared. To examine whether walkability and social support were associated with motivation-related cognitions, logistic regression was used to regress each TPB variable on indicators of walkability (safety from crime, neighborhood aesthetics, access to services, street connectivity, pedestrian infrastructure, motor vehicle traffic, and barriers, residential density) and social support (friends, family, and dog ownership). Separate logistic regression models were then undertaken to estimate the likelihood of 1) any NTW (vs. none); 2) sufficient NTW (vs. <150 minutes/week); 3) any NRW (vs. none); and 4) sufficient NRW (vs. < 150 minutes/week). These models were adjusted for demographic characteristics (including self-rated health), and included sequential block entry of variables whereby the first block included all walkability indicators, the second block included all social support indicators, and the third block included all TPB variables. Specifying the models in this manner allowed attenuation in the estimates of association between the built and social environmental indicators and walking to be identified once the TPB variables (ie, motivation) had been included in the model. Environmental correlates with attenuated estimates underwent assessment for mediation. The Baron and Kenny 37 method was used to identify TPB variables that mediated the associations between walkability and social support and walking. Mediation in the current study was identified using the following criteria: 1) the predictor (walkability or social support) is correlated with the mediator (TPB); 2) the predictor (walkability or social support) is correlated with the outcome (walking); 3) the mediator (TPB) remains correlated with the outcome (walking) after adjusting for the predictor (walkability or social support); and 4) the association between the predictor (walkability or social support) and the outcome (walking) disappears after adjusting for the mediator (TPB). Where criteria 1-3 for mediation were met, but the 4th criterion was not supported, the Aroian Sobel test was conducted to determine whether the indirect effect (ie, partial mediation) was statistically significant. 37, 38 Odds ratios (OR) and 95% confidence intervals (CI) were estimated from the logistic regression models. Nagelkerke R-Squared provided an approximation of the explained variance for neighborhood-based walking from the logistic regression models. Analysis was conducted using SPSS version 16.
Results
The analytical sample (n = 1967) consisted mostly of women, 41-60 year olds, those university educated, home owners, and those with no dependents at home (Table 2) . Less than one-half of respondents reported their health as very good or excellent. Compared with the telephone survey sample, the analytical sample were older, more educated, included more home owners and had a higher proportion with no dependents at home (all P < .05; Table 2 ). Overall, respondents were positive about the walkability of their neighborhoods (Table 2) . Approximately one-quarter of respondents owned a dog or had a friend to walk with and one-half of respondents reported having a family member to walk with (Table  2) . Among TPB variables, the majority of respondents reported positive experiential and instrumental attitude and high levels of perceived behavioral control for NTW and NRW. Nevertheless, few respondents achieved sufficient levels of NTW (9.5%) and NRW (22.8%) in the previous 7 days (Table 2) .
Associations Between the Built and Social Environment and the TPB (Mediation Criterion 1)
The first step of the mediation analysis involved examining the associations between perceived walkability, social support and the TPB (results not shown in the 
Associations Between the Built and Social Environment, TPB, and Neighborhood-Based Transportation Walking (Mediation Criteria 2 and 3)
NTW Participation. The second step of the mediation analysis involved assessing the association between walkability, social support and NTW participation (Table  3) . Undertaking any NTW was more likely among those reporting high levels of access to services, street connectivity, and high residential density, after adjusting for all other variables. NTW was also negatively associated with dog ownership and positively associated with friend and family support, perceived behavioral control for NTW, intention of NTW, and instrumental attitude. The fully adjusted model accounted for approximately 19.7% of the variance in NTW. The third step of the mediation analysis assessed the association between walkability, social support and NTW participation after the TPB variables were entered into the model. Three possible partial mediating pathways for NTW participation were found: 1) access to services → intention of NTW → NTW; 2) access to services → perceived behavioral control for NTW → NTW; and 3) street connectivity → intentions to NTW → NTW; however, only the association between access to services and NTW mediated by perceived behavioral control for NTW was significant (indirect effect = 0.042; 95% CI 0.024-0.060; Sobel test z = 4.611, P < .001).
Achieving Sufficient NTW. The second step of the mediation analysis involved assessing the association between walkability, social support and achievement of sufficient NTW (ie, >150min/wk). Achieving sufficient NTW was more likely among respondents reporting high access to services and street connectivity; high residential density; friend or family support, and perceived behavioral control for NTW (Table 3 ). The third step of the mediation analysis showed that perceived behavioral control for NTW partially mediated the association between access to services and sufficient NTW (indirect effect = 0.041; 95% CI 0.009-0.073; Sobel test z = 2.538, P < .001). The fully adjusted model explained 17.1% of the variance in sufficient NTW. Criteria 2 and 3) NRW Participation. The second step of the mediation analysis involved assessing the association between walkability, social support and NRW participation (Table  3 ). Undertaking any NRW was associated with high neighborhood aesthetics, friend and family support, dog ownership, and positive instrumental and experiential attitude ( Table 4 ). The third step of the mediation analysis assessed the association between walkability, social support and NRW participation after the TPB variables were entered into the model. Affective attitude partially mediated the association between neighborhood aesthetics and participation in any NRW (indirect effect = 0.016; 95% CI 0.004-0.028; Sobel test z = 2.544, P < .01). The fully adjusted model explained approximately 24.4% of the variance in NRW participation.
Associations Between the Built and Social Environment, TPB, and Neighborhood-Based Recreational Walking (Mediation
Achieving Sufficient NRW. In the second step of the mediation analysis, which assessed the association between walkability, social support and achievement of sufficient NRW, achieving this amount of walking was associated with having friend and family support, dog ownership, and having a positive attitude toward walking (Table 4) . However, neighborhood walkability variables were not associated with sufficient NRW and therefore not mediated by the TPB. The fully adjusted model explained approximately 20.7% of the variance in sufficient NRW.
Discussion
The main purpose of this study was to examine whether motivation-related cognitions account for covariance in the pathway between indicators of neighborhood walkability and social support, and participation in and achievement of sufficient neighborhood-based recreational and transportation walking. Perceptions of neighborhood walkability, social support, and motivationrelated cognitions were associated with neighborhoodbased recreational and transportation walking. Moreover, associations among indicators of neighborhood walkability and social support and TPB variables were also found. In support of previous research [12] [13] [14] [15] [16] [17] [18] [19] attenuation of associations between measures of neighborhood walkability and walking, were observed after accounting for TPB variables, suggesting partial mediation. Access to services, street connectivity, and residential density were associated with participation in (ie, any) and achievement of sufficient levels of NTW. Neighborhood aesthetics was associated with participation in NRW but not with the achievement of sufficient levels. Previous studies have found access to services, street connectivity, and residential density to be important correlates of transportation walking, while neighborhood aesthetics are important for recreational walking. 1, 39, 40 The differential relationships between environmental attributes and walking undertaken for different purposes are often reported. [41] [42] [43] We found that the neighborhood environment-measured using the NEWS-A-may be more supportive of NTW than NRW. The different determinants of transportation and recreational walking may need to be considered when designing and implementing environmental interventions. Increasing access to different land uses and improving street connectivity might be necessary, but is not sufficient, to encourage local transportation walking, while improvements in neighborhood aesthetics might be necessary, but is not sufficient, to encourage local recreational walking. Our results suggest that motivation-related cognitions such as perceived behavioral control and attitudes are important and should be targeted as part of multifaceted interventions, which include modifications to the built environment. Neighborhood redevelopments, transit or trail installation, or park redesign might have a greater impact on physical activity if they coincide with health promotion interventions that increase physical activity motivation among individuals who have the potential to be affected by the change in the built environment.
Intention of NTW was more likely among those reporting high access to services and street connectivity and less likely among dog-owners and those reporting high neighborhood aesthetics. Moreover, intention of NRW was less likely among dog-owners and those reporting high neighborhood aesthetics. This contrasts with Cutt et al 44 who found slightly higher intention to walk at sufficient levels among dog owners versus those not owning a dog and Brown and Rhodes 45 who found that obligation to walk the dog was positively associated with intention to walk. The wording of the intention item used in our study, which asked respondents whether they intended to do 'more' walking in the future, might explain the negative association between dog ownership and intention of NRW. Thus, those most active were less likely to intend to do more walking. For example, dogowners were 3 times more likely than others to achieve sufficient NRW, a finding that is supported elsewhere. [45] [46] [47] This might explain why dog-owners had less intention of walking more in the future compared with those not owning a dog. Noteworthy, was that dog-owners were less likely to achieve sufficient NTW, a finding that is also supported elsewhere. 48 Speculatively, environments supportive of transportation walking may be less supportive of dog walking. Moreover, people residing in semidetached housing and apartments-reflective of higher residential density-are less likely to be dog-owners than those residing in single-family detached homes. 44 There is the potential for interventions to use dogs as motivators of physical activity particularly among insufficiently active dog-owners.
Our results suggest that creating neighborhood environments with high levels of access to stores, transit, and other destinations might increase perceived behavioral control for NTW while higher levels of safety from crime might increase perceived behavioral control for NRW. However, perceived behavioral control was positively associated with sufficient NTW but not with sufficient NRW, despite positive associations between perceived behavioral control and NRW being reported elsewhere. 17, 49 We found that the association between access to services and both participation in NTW and achievement of sufficient NTW, was partially mediated by perceived behavioral control. Recreational walking may require fewer resources and less planning than transportation walking and therefore requires less perceived behavioral control. For example, those walking to transit need to consider transit schedules and the time to walk to transit. Interventions, such as Travel Smart programs, could complement improvements in neighborhood walkability (eg, installation of transit stops, new transitoriented developments) by increasing awareness about the location of local destinations and providing route information and transit schedules. Perceptions of the built environment appear to be associated with NTW directly and indirectly through perceived behavioral control. However, more research is needed to determine whether similar relationships exist when objective-measures of the built environment are examined, especially as selfreported and objectively-assessed environments do not always correspond. 42 TPB mediation of the association between perceived neighborhood walkability and recreational walking might exist. We found that experiential attitude partially mediated the association between neighborhood aesthetics and NRW participation. Experiential attitude was associated with pedestrian infrastructure, traffic safety and neighborhood aesthetics, while instrumental attitude was associated with neighborhood barriers and family support. Associations between neighborhood aesthetics, infrastructure quality and attitude are reported elsewhere. 17 Moreover, attitude-like constructs (ie, intrinsic motivation) are associated with neighborhood quality (ie, low traffic and crime) and availability of facilities. 14 Our findings suggest that creating attractive neighborhood environments could encourage NRW both directly and indirectly through the formation of more positive attitudes.
Relations between social support and subjective norm, perceived behavioral control, and intention have been found. 23 As expected, given that subjective norm reflects judgments regarding whether significant others are supportive of the respondent's walking, we found associations between social support and subjective norm. We also found that attitude toward walking was associated with social support. Walking with family and friends might be considered a rewarding or beneficial due to the sharing of experiences and enjoyment of companionship 50, 51 thus facilitating the formation of a positive attitude toward walking. Subjective norm was not associated with either type of walking although being higher among those reporting higher neighborhood aesthetics and residential density. Associations between neighborhood aesthetics and infrastructure quality and subjective norm have been found elsewhere. 17 Walking with a friend or family member was found to increase the likelihood of NTW and may in part reflect parents who walk their children to school and friends who walk together to local neighborhood destinations such as cafes. Similar to previous research, social support was positively associated with recreational walking even after controlling for individual-level and physical environmental variables. 46 The current study has several limitations. Generalizability of our results may be limited given that respondents who completed both the telephone interview and postal self-administered questionnaire might have been highly motivated-which may not reflect the target population. Our cognitive measures did not consider specific features of the neighborhood or social environments, nor did we use measures of behavioral beliefs (ie, expectancyvalue products). 9, 52 For example, perceived behavioral control captured general perceived control over walking but did not capture perceived control of walking when faced with specific environmental constraints. Although neighborhood-based measures of walking have acceptable reliability, 32, 53, 54 self-reported physical activity is subject to bias and memory errors. 33 In our previous work, where seasonal patterns of physical activity could be examined, we found that overall levels of walking for recreation and transportation were lower in winter compared with the other seasons. 58 The self-administered (postal) questionnaire did not allow for the seasonal variation in neighborhood-based walking to be assessed, which may be a limitation given the potential for seasonal differences in walking. Moreover, the moderate internal reliability of our scales derived from the NEWS-A items may have limited the number of significant associations observed among perceived neighborhood walkability, social support, cognitions, and walking. Future studies may want to reexamine the relationships presented here using objective-measures of the built environment and physical activity (eg, accelerometry) especially as Lin and Moudon 55 found that walking was more strongly associated with objectively-assessed than self-reported built environmental attributes.
Our measures of social support captured whether someone walked with a friend, family member, or owned a dog. However, we acknowledge that other sources of social support might be important for encouraging walking (health professionals, personal trainers, club members, walking groups, work colleagues, community groups etc.). Our inclusion of dogs as a source of social support for owners reflects previous evidence suggesting a positive association between dog ownership and walking. 56 Additional insight into the interrelationships among walkability, social support, TPB and walking might have been gained from using a more sophisticated analytical technique (ie, structural equation modeling). Longitudinal studies that measure perceptions of neighborhood walkability, motivation-related cognitions, and physical activity before and after residential relocation are needed to investigate temporal relationships among these variables. Despite our findings being supported by previous evidence, our decision to undertake multiple statistical tests without using a more stringent criteria of statistical significance could have lead to some associations being found by chance.
Perceived behavioral control appears to mediate the association between perceived access to services and neighborhood-based transportation walking, and experiential attitude appears to mediate the association between perceptions of neighborhood aesthetics and neighborhood-based recreational walking. Creating supportive physical and social environments is important for supporting the formation of motivations for walking and increasing neighborhood-based walking. However, where modifying the built environment is not possible, interventions that increase positive perceptions about the built environment might still increase motivations for walking and walking behavior. Further studies using behavioral models that take an ecological perspective 4, 57 to investigate the role of physical and social environments during both the motivational and volitional stages of physical activity behavior, are necessary to better understand how people and places interact.
